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ABSTRACT. Objective: A behavioral economic approach to cannabis
misuse emphasizes a crucial role of high drug demand (i.e., reinforc-
ing value), which may be measured using a marijuana purchase task
(MPT). The multiple indices from this measure have been associated
with cannabis misuse, but somewhat inconsistently, possibly because of
task variability across studies. Based on recent qualitative research, the
current study implemented an optimized MPT to examine the underlying
factor structure and the relationship between cannabis demand and both
cannabis misuse and motivation to change. Method: Participants were
two independent samples of emerging adults who reported cannabis use
and heavy episodic drinking in the last month, one Canadian (n = 396)
and the other American (n = 275). Both were assessed using an MPT,
the Cannabis Use Disorder Identification Test (CUDIT), the Marijuana
Adverse Consequences Questionnaire (MACQ), and readiness to change

items. Results: Principal component analyses of the MPT indices re-
vealed the same two-factor latent structure in both samples, interpreted
as Amplitude (intensity, Omax, elasticity) and Persistence (breakpoint,
Pmax). Regressions revealed that Amplitude was significantly associ-
ated with CUDIT and MACQ in both samples. In the Canadian sample,
Persistence was also significantly associated with CUDIT and MACQ,
and both factors were associated with motivation to change. Conclu-
sions: The optimized MPT generated a two-factor latent structure that
was parallel across samples, and the Amplitude factor was consistently
associated with cannabis misuse. The current findings indicate the robust
relevance of behavioral economic demand for cannabis in relation to can-
nabis misuse but suggest that links to motivation may be sample-specific.
(J. Stud. Alcohol Drugs, 82, 351–361, 2021)
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CANNABIS IS one of the most commonly used substanc-
es in North America (Hasin et al., 2017; Rotermann,

2019), with 15.9% of Americans (Substance Abuse and
Mental Health Services Administration, 2018) and 12.3%
of Canadians reporting any use in the last year (Canadian
Centre on Substance Use and Addiction, 2018). Cannabis
misuse is a public health concern that affects society in di-
verse ways, including loss of productivity, increased health
care costs, increased crime rates, and cannabis use disorder
(Canadian Centre on Substance Use and Addiction, 2018;
Volkow et al., 2014). Of particular concern is cannabis use
among emerging adults (ages 17–25 years), who exhibit the
highest prevalence (Rotermann, 2019) and for whom canna-

bis use has been linked to an increased risk of psychosocial
problems, other substance misuse, and cognitive impairments
(Brook et al., 2016; Gruber et al., 2012). Furthermore, be-
cause this developmental period is marked by active brain
growth, emerging adults may be especially vulnerable to the
effects of cannabis use (Chen et al., 2009).

One approach to understand cannabis misuse is through
the lens of behavioral economics, which integrates concepts
from psychology and microeconomics to understand the
behavior-strengthening properties of psychoactive sub-
stances (Hursh et al., 2005; Murphy & MacKillop, 2006).
One commonly used behavioral economic assessment is the
hypothetical purchase task, which assesses how estimated
substance consumption changes as a function of escalating
price and thus characterizes demand for a substance (i.e.,
relative reinforcing value). More specifically, demand may
be estimated by five conceptually related indices: intensity
(i.e., highest level of consumption, typically as measured at
$0 or other minimal unit price), Omax (i.e., output maximum
or maximum expenditure across prices), Pmax (i.e., price
maximum or price associated with maximum responding),
breakpoint (i.e., the price at which consumption is sup-
pressed to zero), and elasticity (i.e., overall sensitivity of
consumption to increasing cost or rate of change; see Gilroy
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et al., 2020). Thus, demand curves characterize individual
differences in the reinforcing value of a drug (Gilroy et al.,
2020; Greenwald & Hursh, 2006; Hursh, 1980, 1984; Hursh
& Roma, 2016; Jacobs & Bickel, 1999; Roma et al., 2016).

Alcohol and cigarette purchase tasks have been found to
be robustly associated with substance involvement (Amlung
et al., 2012; Gray et al., 2016). Of note, studies have shown a
latent dimensional structure that underlies the five indices of
demand. Generally, two underlying latent factors have been
identified, described asAmplitude and Persistence (MacKillop
et al., 2009). Amplitude is thought to represent the amount
consumed and typically includes intensity and Omax, whereas
Persistence is thought to represent sensitivity of consumption
to escalating costs, typically including Pmax, breakpoint, and
elasticity (MacKillop et al., 2009; Zvorsky et al., 2019), al-
though the loadings have varied across studies (Aston et al.,
2017; Bidwell et al., 2012; MacKillop et al., 2009).

A marijuana purchase task (MPT) was developed in 2014
for assessing cannabis demand (for a review, see Aston &
Meshesha, 2020), and its associated indices are differentially
associated with cannabis use and outcomes. In particular,
Omax and intensity were associated with important cannabis-
related characteristics, such as frequency or amount of can-
nabis use (Collins et al., 2014; Metrik et al., 2015; Strickland
et al., 2017) and subjective craving (Aston et al., 2015;
Metrik et al., 2016). Intensity was also associated with age
at initiation of regular use (Aston et al., 2015), attentional
bias for cannabis cues (Metrik et al., 2016), cannabis use
disorder (Strickland et al., 2017), dependence symptoms
(Aston et al., 2015), and driving after cannabis use (Patel &
Amlung, 2019). Across studies, however, the relationships
with remaining demand indices and cannabis involvement or
misuse have been mixed (Aston et al., 2015; Collins et al.,
2014; Hindocha et al., 2017).

One reason for these discrepancies could be that there is
considerable heterogeneity in the methodology used to assess
cannabis demand. These discrepancies include differences in
the number of price points used and differences in the units
in which cannabis was purchased. In particular, calculating
cannabis demand is challenging because it is difficult to
quantify an ideal unit of cannabis measurement. Extant MPT
studies have variously used price per hit (Aston et al., 2015,
2016; Metrik et al., 2016), or price per joint (Collins et al.,
2014), as the unit of consumption.

One consideration is that cannabis is typically purchased
in units of weight (i.e., grams) and so using these units may
be more ecologically valid when determining cannabis de-
mand. Recently, two qualitative studies were undertaken with
active non–treatment-seeking cannabis users to solicit input
on the optimal assessment of cannabis demand (Aston et al.,
2015). The participants made a number of recommendations
to optimize the ecological validity of the measure, includ-
ing purchase units as grams, specifying the typical quantity
for the respondent, and using the participant’s typical week

as the estimation window. A modified version of the MPT
employed the use of hypothetical grams purchased, instead
of hits or joints (Aston et al., 2020). Using this modified
version, it was found that the MPT demonstrated convergent
validity as the demand metrics were associated with canna-
bis craving, age at initiation of regular use, and dependence
(Aston et al., 2020).

A further consideration is to examine the relationship
between cannabis demand and motivation to change, some-
times fractionated into readiness, importance, and confidence.
Research has shown that the motivation to change substance
use was important in predicting future behavior change
(Bertholet et al., 2012; Hesse, 2006). Therefore, motivation
to change has clinical utility insofar as it may provide targets
for interventions. It allows clinicians to identify which skills
for behavior change may be effective at different stages dur-
ing the process of behavior change, i.e., precontemplation,
contemplation, and action (Prochaska, 2008).

A last consideration is that cannabis use often does not
occur alone. There is a high prevalence of cannabis and al-
cohol co-use (Agrawal et al., 2007). Comorbid alcohol and
cannabis use is associated with riskier drinking patterns and
increased cannabis-related problems (Hayaki et al., 2016),
more harmful consequences (Green et al., 2016; Subbara-
man & Kerr, 2015), higher impulsivity (Trull et al., 2016),
increased risky driving (Subbaraman & Kerr, 2015), and
increased occurrence of psychiatric disorders and symp-
tom severity (Brunette et al., 2003). Furthermore, research
suggests pharmacological interactions between the two, as
evidenced by cross-tolerance (Hungund & Basavarajappa,
2004; Malinen & Hyytiä, 2008) and alterations in bioavail-
ability (Lukas & Orozco, 2001). Because of co-occurrence,
it is important and relevant to examine how misuse manifests
in individuals who use both alcohol and cannabis.

The current study used a modified version of the MPT
to examine cannabis demand in two samples of emerging
adults reporting heavy episodic drinking. This population is
particularly germane because concurrent use of alcohol and
cannabis is prevalent among emerging adults (Terry-McEl-
rath et al., 2013, 2017; Pape et al., 2009). Moreover, patterns
of use among emerging adults tend to be more dynamic and
contextually determined, which increases the clinical utility
of indices that can measure fluctuating level of motivation
to use cannabis. For these reasons, cannabis demand was as-
sessed in samples from two cultural contexts (i.e., Hamilton,
ON, Canada and Memphis, TN, USA). More specifically, in
the current article, the first aim was to investigate whether an
optimized MPT led to the same underlying factor structure
as previously reported in the literature. The second aim was
to examine how the resulting latent indicators of cannabis
demand were related to cannabis misuse/severity, and indica-
tors of motivation to change cannabis use. It was predicted
from the alcohol purchase task, cigarette purchase task,
and MPT literature that there would be a two-factor latent
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Table 1. Descriptive statistics and frequencies of participants in the Canadian (n = 396) and American (n
= 265) samples

Canadian American
sample sample

Characteristic M (SD) or % M (SD) or % t or χ2 p

Age, M (SD) 21.41 (1.19) 22.57 (1.07) 12.75 <.001
Sex, % male 51.5% 50.9% 0.02 .89
Ethnicity

% White/European 69.2% 43.4% 43.62 <.001
% Black/African 3.0% 47.2% 188.26 <.001

Student status, % student 74.2% 43.4% 61.04 <.001
Median household income $45,000– $30,000–

59,999 CAD 44,999 USD
Years of education, M (SD) 14.54 (1.85) 14.63 (2.13)a 0.52 .60
Drinks per week, M (SD) 13.78 (10.98) 20.36 (16.54) 5.68 <.001
CUDIT, M (SD) 8.97 (6.44) 10.41 (6.28) 2.85 <.01
MACQ, M (SD) 9.08 (8.81) 8.91 (7.35) 0.27 .79
Importance cannabis change 3.22 (2.76) 3.68 (3.08) 1.98 .04
Ready to change 4.16 (2.84) 4.01 (3.10) 0.63 .53
Confidence in change 8.37 (2.52) 8.12 (2.89) 1.14 .25

Notes: CAD = Canadian dollars; USD = U.S. dollars; CUDIT = Cannabis Use Disorder Identification Test;
MACQ = Marijuana Adverse Consequences Questionnaire. an = 248.

structure (Amplitude and Persistence) and that these factors
would be related to aspects of substance involvement.

Method

Participants

All aspects of study procedures were approved by the
respective university institutional review boards. Participants
provided written informed consent, followed by in-person
assessments. These data are from an ongoing longitudinal
study: Behavioral Economic Trajectories of Alcohol Misuse.
Participants were from two independent studies investigating
alcohol misuse in emerging adults. One sample was recruited
in Hamilton, ON (n = 396), and the other in Memphis, TN
(n = 265). Although the samples are from independent stud-
ies, both cohorts had the following eligibility criteria in
common: heavy episodic drinking (>4/3 standard drinks for
males/females; Butt et al., 2011) on 2 or more days in the
past month; fluency in written English; and no current or
past psychotic disorders.

The Canadian sample eligibility criteria also permitted
only one instance of high-risk drinking in a typical month
when the individual also reported at least monthly cannabis
use (i.e., high-risk substance use; 8% of recruited sample).
Participants in both studies were recruited using flyers and
newspaper, online, and bus ads. In the Canadian sample,
participants were required to be between ages 19.5 and 23,
and in the American sample, participants were required to be
between ages 21 and 24.9. Participants were only included
in the current report if they reported cannabis use in the last
month. The use of two independent samples from distinct
geographic areas was intended to allow examination of simi-
larities and differences across separate samples in Canada
and the United States.

Sample descriptive statistics for both samples are pre-
sented in Table 1 and unsurprisingly, given the differences in
eligibility criteria, differed in a number of ways. Compared
with the Hamilton sample, participants in the Memphis
sample were demographically older, more racially diverse, of
lower income, and less likely to be enrolled in postsecond-
ary education. In addition, Memphis participants reported
heavier drinking and cannabis involvement. Collectively, the
two samples can be understood as both reflecting emerging
adults engaging in high-risk drinking and concurrent can-
nabis use, but with meaningful demographic and substance
use differences between the two.

Measures

The two studies used parallel measures to assess cannabis
involvement and demand. An MPT is a behavioral economic
measure designed to assess willingness to purchase and
consume cannabis across escalating price levels (Aston et
al., 2020). Respondents estimate the number of grams of
cannabis they would consume in a typical week within the
last month across a range of prices in hypothetical scenarios,
i.e., “How many grams of marijuana would you consume if
they were $1 per gram?” A total of 20 ascending price in-
crements were used, as follows: $0, $1, $2, $4, $6, $8, $10,
$12, $14, $16, $18, $20, $25, $30, $35, $40, $45, $50, $55,
and $60. Participants were asked to assume that cannabis
could not be shared, saved, or obtained from an alternate
source (for extended descriptions, see the Supplementary
Material, which appears as an online-only addendum to this
article on the journal’s website). In addition, they were asked
to consider choices as though they had typical amounts of
money and had not consumed any cannabis or other drug
before performing the task. Marijuana was specified to be of
comparable strength and quality to that the participant would
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generally consume. This task has been previously validated
by Collins et al. (2014) and Aston et al. (2015).

The Marijuana Adverse Consequences Questionnaire
(MACQ) is a measure of marijuana misuse (Simons et al.,
2012). It is a 50-item self-report questionnaire in which each
item is rated dichotomously (yes/no) to indicate whether
marijuana-related problem(s) occurred in the last 4 months.
The scale covers a broad range of associated consequences
such as those associated with social-interpersonal function-
ing, impaired control, self-perception, self-care, risky be-
havior, academic occupational consequences, and physical
dependence (Simons et al., 2012). The MACQ demonstrated
excellent internal consistency (Cronbach’s α was .93 in the
Canadian sample and .90 in the American sample).

The Cannabis Use Disorders Identification Test (CUDIT)
is a self-report measure developed to assess individual can-
nabis consumption and cannabis-related problems (Adam-
son et al., 2010). The CUDIT demonstrated good internal
consistency (Cronbach’s α was .80 in the Canadian sample
and .70 in the American sample). Cannabis readiness rulers
measured motivation to change (Maisto et al., 2011). Indi-
viduals indicate on a scale of 1 to 10 how important they
think it is to change their cannabis use (1 = not important,
10 = very important), how ready they are to make a change
(1 = not ready, 10 = trying to change), and how confident
they are that they would be able to change their cannabis
use (1 = not confident, 10 = very confident). Previous stud-
ies have reported adequate reliability and validity (Maisto et
al., 2011). Finally, participants completed a comprehensive
demographic questionnaire that assessed sex, ethnicity, edu-
cation, income, and other descriptive characteristics.

Data analysis

Standard quality control procedures were followed for
the MPT. Participants were removed from the analysis for
bounce, trend, and reversal from zero violations per Stein
et al. (2015). As a result of these analyses, four individuals
were removed from the Canadian sample, and eight individu-
als were removed from the American sample. Furthermore,
meaningful elasticity values cannot be calculated for indi-
viduals that respond to two or fewer price points; therefore,
these individuals were removed from the data set. As a result
of these analyses, 48 individuals were removed from the
Canadian sample (final n = 396), and 46 individuals were
removed from the American sample (final n = 265) for all
indices.

Winsorization of outliers was performed at a price level,
where outlier values were recoded as one unit greater than
the previous outlier (in the case of the lowest outlier, it was
recoded as one unit greater than the highest non-outlier
value). For the MPT, the indices of intensity, Omax, Pmax,
and breakpoint were generated using an observed values
approach (Murphy & MacKillop, 2006), meaning that in-

tensity was defined as consumption at minimum cost, Omax
was defined as maximum expenditure (output) across prices,
Pmax was defined as the price at which Omax was obtained,
and breakpoint was defined as the first price that suppressed
consumption to zero.

Elasticity (α) was derived using an exponentiated ap-
proach to Hursh & Silberberg’s (2008) exponential demand
equation (Koffarnus et al., 2015). Calculation of price
elasticity was derived as follows: Q = Q0 × 10k(e^(-αQ0C) – 1),
where Q = quantity consumed, Q0 = derived intensity, k =
a constant across individuals that denotes the range of the
dependent variable (grams) in log arithmetic units, α = elas-
ticity or the rate constant determining the rate of decline in
log consumption based on increases in price, and C = cost
of the commodity (Koffarnus et al., 2015).

In the current study, k was tested at levels of 2, 3, and 4
to determine the greatest variance accounted for in the data
by the equation. Outliers were also examined for intensity,
Omax, Pmax (the price point at which Omax was reached),
breakpoint, and elasticity (criterion z > ±3.99). Winsoriza-
tion was repeated at the index level for Omax, Pmax, elasticity
(α), and breakpoint, but outliers were recoded as .001 unit
greater than the previous outlying value (in the case of the
lowest outlier, it was recoded as .001 greater than the highest
non-outlying value). In both samples, <1% of the data was
Winsorized. The overall best-fitting k parameter was deter-
mined to be 4. Elasticity was log10 transformed to correct
for positive skewness.

Principal component analyses with oblique (direct obli-
min) rotation were used to reduce Omax, Pmax, breakpoint,
intensity, and elasticity (log α) to latent components. The
factor structure was determined by the examination of Ei-
genvalues > 1 and the scree plot (Kaiser, 1960). A factor
loading of .50 on the pattern matrix was used as the criterion
for determining if an item significantly loaded onto a given
component (Kaiser, 1960). Hierarchical regressions were
used to test whether each latent factor variable significantly
predicted MACQ or CUDIT. Separate regressions were run
for MACQ and CUDIT as dependent variables. Age, gen-
der, income, student status, ethnicity, and number of drinks
consumed per week were included in the statistical models
as covariates in the initial step, and the components were
entered in the second step.

Using an analytic approach similar to that used by Teeters
et al. (2014), a dichotomous variable was created for race
(most common race = 0, another race = 1) and university
status (student = 0, nonstudent = 1). Bivariate correlations
were conducted between the MPT latent variables and the
motivation to change indices (importance, readiness, and
confidence). Given the substantive differences between the
samples, all analyses were conducted separately in Canadian
and American samples. Group demand data were calculated
by averaging participants’ Winsorized weekly cannabis con-
sumption at each price point (Figure 1).
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FiGure 1. Cannabis demand curves for mean (±SEM) weekly cannabis consumption from the Canadian sample
(Panel A) and American sample (Panel B). Data are provided in conventional log–log units for proportionality.
Zero price is replaced by 0.01 to permit logarithmic units.

Results

Principal component analyses

Table 2 represents factor loadings of the five MPT
demand indices on each of the rotated factors. Using Ei-
genvalues greater than 1 and the scree plot, the principal

component analysis indicated that a two-factor latent
structure was the best solution in both the Canadian and
American samples. The two-factor solution explained 89.5%
of the total variance in the Canadian sample and 83.0% in
the American sample. The first factor accounted for 64.9%
of variance in the Canadian sample as well as 52.5% of the
variance in the American sample and included three MPT
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Table 2. Factor loadings on the pattern matrix for the metrics derived
from the marijuana purchase task demand curve (intensity, Omax, Pmax,
breakpoint, elasticity) in the Canadian and American samples

Factor 1 Factor 2

Canadian American Canadian American
Indices sample sample sample sample

Intensity 1.00 0.96 -0.22 -0.02
Omax 0.88 0.90 0.15 0.09
Pmax -0.12 -0.15 0.99 0.93
Breakpoint 0.26 0.02 0.83 0.83
Elasticity (log α) -0.78 -0.91 -0.32 -0.21
Eigenvalue 3.24 2.77 1.23 1.52
% variance 64.86 52.48 24.67 30.47

Note: Loadings > .4 are in bold.

Table 3. Multiple regression of the marijuana purchase task indices in relation to the Cannabis Use Disorder Identification
Test

Variable B SE β t p VIF

Canadian sample
Age -0.26 0.24 -.05 1.07 .29 1.12
Sex -1.20 0.56 -.09 2.16 <.05 1.06
Income -0.16 0.09 -.08 1.71 .09 1.11
Student status 0.72 0.60 .05 1.21 .23 1.05
Ethnicity -0.01 0.67 -.00 0.03 .99 1.18
Drinks per week 0.01 0.03 .02 0.33 .74 1.13
Amplitude (Factor 1) 3.03 0.31 .47 9.84 <.001 1.30
Persistence (Factor 2) 0.91 0.29 .14 3.14 <.01 1.14

American sample
Age -0.39 0.34 -.07 1.15 .25 1.08
Sex -0.54 0.74 -.04 0.72 .47 1.13
Income -0.13 0.16 -.05 0.79 .43 1.14
Ethnicity -0.64 0.74 -.05 0.87 .39 1.10
Student status -0.41 0.77 -.03 0.53 .60 1.21
Drinks per week 0.00 0.02 .01 0.12 .90 1.12
Amplitude (Factor 1) 2.52 0.39 .40 6.51 <.001 1.22
Persistence (Factor 2) 0.61 0.37 .10 1.65 .10 1.10

Notes: VIF = variance inflation factor. Bold indicates statistical significance.

indices: elasticity (log α), Omax, and intensity. The second
factor accounted for 24.7% of the variance in the Canadian
sample as well as 30.5% of the variance in the American
sample and included two MPT indices: breakpoint and Pmax.
The correlation between the two factors was r = .33, p < .001
in the Canadian sample and r = .15, p < .05 in the American
sample. Of note, the factor loadings for intensity was 1.00,
but when variables are correlated and an oblique rotation is
used (i.e., direct oblimin in this case), component loadings
can be 1 or larger (Jöreskog, 1999).

Cannabis demand and cannabis misuse

For descriptive purposes, the cannabis demand curves are
in Figure 1. Table 3 presents the multiple regression results
for the MPT latent variables in relation to CUDIT score.
Factor 1 (intensity, Omax, and elasticity) predicted CUDIT
in both the American and Canadian samples. Factor 2 (Pmax
and breakpoint) predicted CUDIT only in the Canadian
sample. The variance inflation factor was used to examine
multicollinearity between the variables; all values were

lower than 1.5, therefore indicating that there was low risk
of multicollinearity.

Table 4 presents the multiple regression results for the
MPT latent variables for the MACQ. Factor 1 (intensity,
Omax, and elasticity) predicted MACQ in both the American
and Canadian samples. Factor 2 (Pmax and breakpoint) pre-
dicted MACQ only in the Canadian sample. The variance
inflation factor was used to examine multicollinearity be-
tween the variables; all values were lower than 1.5, therefore
indicating that there was low risk of multicollinearity.

Zero-order correlation coefficients between the individual
demand indices and cannabis variables are given for com-
pleteness in the Supplementary Materials.

Cannabis demand and motivation for change

Table 5 represents bivariate correlations between the mo-
tivation to change cannabis use and MPT latent factors. How
important individuals believed it was to change cannabis use
was significantly associated with both Factors 1 and 2 in the
Canadian sample. How ready individuals were to change
cannabis use was significantly associated with Factor 1 in the
Canadian and American samples. How confident individuals
were that they could change cannabis use was significantly
associated with Factor 1 in the Canadian and American
samples and with Factor 2 in the Canadian sample. Zero-
order correlation coefficients between the individual demand
indices and cannabis variables are given for completeness in
the Supplementary Materials.

Discussion

The current study used a behavioral economic approach
to examine the relationship between the reinforcing value
of cannabis (as measured by an optimized MPT), cannabis
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Table 4. Multiple regression of the marijuana purchase task indices in relation to the Marijuana Adverse Consequences
Questionnaire

Variable B SE β t p VIF

Canadian sample
Age -0.43 0.36 -.06 1.21 .23 1.12
Sex -0.63 0.82 -.04 0.76 .45 1.06
Income -0.07 0.14 -.02 0.50 .62 1.11
Student status 2.42 0.89 .13 2.74 .01 1.17
Ethnicity -0.66 0.99 -.03 0.67 .50 1.05
Drinks per week 0.08 0.04 .09 1.95 .05 1.13
Amplitude (Factor 1) 3.08 0.46 .35 6.72 <.001 1.29
Persistence (Factor 2) 1.02 0.43 .12 2.40 <.05 1.13

American sample
Age -0.32 0.43 -.05 0.73 .47 1.08
Sex 0.55 0.95 .04 0.58 .57 1.13
Income 0.03 0.20 .01 0.14 .89 1.14
Ethnicity -0.67 0.94 -.05 0.71 .48 1.10
Student status 1.39 0.98 .10 1.42 .16 1.21
Drinks per week -0.01 0.03 -.02 0.25 .81 1.12
Amplitude (Factor 1) 1.54 0.49 .21 3.12 <.001 1.22
Persistence (Factor 2) 0.75 0.47 .10 1.60 .11 1.10

Notes: VIF = variance inflation factor. Bold indicates statistical significance.

Table 5. Bivariate correlations between the motivation to change cannabis
use and latent factors

Amplitude (Factor 1) Persistence (Factor 2)

Canadian American Canadian American
Variable sample sample sample sample

How important do you
think it is to change? .27** .05 .17** .10

How ready are you to
change? .11* -.10 -.01 -.03

How confident are you
that you could change? -.27** -.10 -.19* -.02

*p < .05; **p <.01.

misuse, and motivation to change cannabis use. An important
finding was that the same underlying latent factor structure
for cannabis demand was identified in the Canadian and
American samples. The first latent factor included Omax
(maximum expenditure), intensity (cannabis consumption at
$0 cost), and elasticity (sensitivity of consumption to price).
The second latent factor included Pmax (price associated with
maximum responding) and breakpoint (where consumption
is suppressed to zero). The correlation between the two
factors was positive and medium in effect size, suggesting
the two were moderately related to each other. Similar to
previous research, these two latent factors accounted for
nearly all of the variance. Also similar to previous research,
intensity and Omax were included together in a latent factor
and likewise so were Pmax and breakpoint (Bidwell et al.,
2012; MacKillop et al., 2009; O’Connor et al., 2016). In
this sense, the current loadings are compatible with previ-
ous interpretations, namely Amplitude (i.e., how much the
individual would consume or spend) and Persistence (i.e.,
extent to which an individual will not be deterred by cost),
respectively (MacKillop et al., 2009).

However, there are notable differences from previous
studies in the current findings. A novel finding was that Am-
plitude also included elasticity, whereas historically it has
loaded on (and is more semantically compatible with) Persis-
tence. There are multiple possible explanations for this. One
possibility is that analytic differences drove the differences in
the results. Specifically, the current study used an exponenti-
ated curve equation (Koffarnus et al., 2015), adapted from an
earlier single parameter exponential demand curve equation
(Hursh & Silberberg, 2008) to calculate elasticity. In con-
trast, previous studies that found elasticity loaded on Persis-
tence calculated it using two parameter models (Hursh et al.,
1988) that make it qualitatively different mathematically. In

other words, it may be that the single-parameter exponential
derivation generates an estimate of elasticity that is more
closely related to the start of the demand curve (intensity)
and volume of expenditure (Omax) than the point at which it
becomes sensitive to price changes (Pmax) or its terminus, the
price at which consumption is zero (breakpoint).

It is also possible that the latent factors in the current
study manifested differently because of sample or task
characteristics. With regard to sample characteristics, the
participants in these samples are best characterized as risky
cannabis users based on their CUDIT and MACQ scores, not
predominantly individuals with cannabis use disorder, and it
may be that elasticity corresponds with intensity and Omax at
this level of severity. With regard to task characteristics, it is
possible the price structure may lend itself to elasticity esti-
mates that tend to correlate with intensity and Omax. These
are of course necessarily speculations, but they may warrant
consideration in future investigations.

Last, there is increasing discussion of the influence of
the constant, k, which sets a limit on the range of possible
elasticity values. Gilroy et al. (2020) discuss the mathemati-
cal implications this has for relationships between elasticity,
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maximum responding (Omax), and price at which maximum
responding is reached (Pmax). More specifically, the relation-
ship between elasticity and Pmax is unintentionally weakened
where the constant k exists below the recommended lower
limits. That being said, the current study evaluated three
different k constants, selected the one that optimized overall
model fit, and that value is appropriate given the range of
values under consideration, making it unlikely to have im-
posed problematical constraints that would have affected the
factor structure. Taken together, the study validates the two-
factor latent structure in the purchase task in general (Aston
et al., 2017; Bidwell et al., 2012) but suggests that the evolv-
ing methods in the field may also influence its expression.

A second important finding was that Amplitude explained
a significant amount of variance in CUDIT and MACQ
scores in both the Canadian and American samples. Per-
sistence also explained a significant amount of variance in
CUDIT and MACQ, but only in the Canadian sample. An
examination of beta weights suggests that Amplitude was
particularly sensitive to individual differences in cannabis
severity and misuse relative to Persistence. These results
are consistent with previous findings that Omax and intensity
show the most robust associations with alcohol and drug use
severity (González-Roz et al., 2019; Kiselica et al., 2016).
Furthermore, the lack of association for Persistence in the
American sample may possibly be explained by reduced
power in the smaller sample. This is partially supported by
the observation that the beta weights for Persistence in the
American sample (.10) are similar to those observed in the
Canadian sample for Persistence (0.12–0.14).

A third notable finding was that Amplitude was more
strongly associated with the motivation to change cannabis
use than Persistence. More specifically, higher scores on
Amplitude and Persistence were associated with increased
perceived importance in changing cannabis use and in-
versely associated with confidence in behavior change in
the Canadian sample. An increase in readiness to change
was associated with higher scores on only the Amplitude
factor in the Canadian sample. There were no relationships
between the factors and motivation to change cannabis use in
the American sample. Importantly, these differences between
samples were not a result of differences in sample means on
the motivation to change variables (Table 1).

These inconsistent associations may also suggest that
the link between demand and motivation to change is more
sample specific. It is possible that demographic differences,
such as age and income, or substance involvement level (the
American sample reported heavier drinking, more cannabis
use, and higher cannabis demand), affected motivation to
change. Alternatively, since the Canadian sample is primarily
a student sample, there may be greater cognitive and aca-
demic consequences, hence why demand was more related
to motivation to change in this sample. Similar to findings
with cannabis severity and misuse, Amplitude was consis-

tently, and to a greater extent, more sensitive to individual
differences in the motivation to change cannabis use. As the
motivation to change substance use is important in predicting
future behavior change (Bertholet et al., 2012; Hesse, 2006),
these findings may be relevant to the sensitivity of treatment
interventions, although this is necessarily speculative.

These results must be situated in the context of several
methodological considerations. First, as noted above, there
were systematic differences in the design of the purchase
task used (i.e., grams of cannabis, number of price points
used) compared with previous studies, which may have influ-
enced the results, including the underlying factor structure.
This difference in task design was deliberate and would be
expected to allow for greater resolution and more accurate
curve-fitting results (Kaplan et al., 2018), but nonetheless
restricts the comparability to previous findings. Second, all
choices were for hypothetical cannabis. This is mitigated by
previous laboratory studies indicating close correspondence
for hypothetical and actual outcomes (Amlung & Mac-
Killop, 2015; Amlung et al., 2012), but it is nonetheless a
consideration. Last, because of the cross-sectional nature of
the study, causality cannot be inferred from higher cannabis
reinforcing value to cannabis misuse or vice versa.

An important future direction is examining these relation-
ships longitudinally to identify if elevated cannabis demand
drives misuse, whether it is itself an expression of cannabis
misuse, or, perhaps most likely, whether it is a recursive etio-
logical process, forecasting increases and commensurately
increasing itself over time in a vicious cycle. In other words,
initial cannabis use (i.e., experimental phase) gives rise to
subsequent use and its progression (or lack thereof), and de-
mand is theoretically operative as greater initial reinforcing
value putatively leads to subsequent use and trajectories of
progression, including progression to clinically significant
levels (e.g., cannabis use disorder). Over time, however,
persistent use is also expected to increase the reinforcing
value of cannabis itself because of processes such as toler-
ance and incentive sensitization. Thus, cannabis demand is
theoretically implicated both as determinant of use and, over
time, as a consequence of use.

Despite these considerations, there were several strengths
of the study. Despite the substantive differences between
the samples, parallel findings in several cases increased the
robustness of the results and the strength of the conclusions.
Next, to our knowledge, this is the first study to examine the
relationship of underlying factor structure to cannabis mis-
use and motivation to change. Despite the variability across
samples, these findings suggest that cannabis demand may
ultimately be useful clinically, suggesting that individuals
who are less sensitive to increases in price (elasticity) may
require more involved treatment interventions. In fact, de-
mand indices have shown to predict treatment intervention
response for both alcohol and tobacco (MacKillop & Mur-
phy, 2007; MacKillop et al., 2016). Last, the use of emerg-
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ing adults who were heavy episodic drinkers was a strength
because it extends the purchase task literature and supports
their use in diverse substance-using populations.

However, the use of a heavy episodic drinking population
may limit the study’s generalizability to the general popula-
tion of cannabis users, although polysubstance use of alcohol
and cannabis is increasingly prevalent (Yurasek et al., 2017).
Among individuals with cannabis use disorder, there is an
increased likelihood for development of alcohol use disorder
(Agosti et al., 2002; Agrawal et al., 2007). Co-use is also
associated with an increased risk of impaired driving (Li et
al., 2012), psychiatric comorbidity (Midanik et al., 2007),
more severe clinical course (Staiger et al., 2013), and more
poor prognoses (Subbaraman, 2016). Therefore, examining
a substance’s reinforcing value in light of co-use becomes
relevant and important.

In sum, the current findings provide further evidence
that cannabis demand has a binary factor structure and that
the latent factors have differential relationships to cannabis
misuse and the motivation to change cannabis use. In the
current study, the findings implicate Omax, intensity, and
elasticity—the constituents of Amplitude—as sensitive in-
dicators of cannabis involvement. Furthermore, the current
set of findings supports the utility of the MPT in detect-
ing individual differences among diverse samples, in this
case heavy episodic drinkers. From a clinical perspective,
analysis of individual demand curves may be informative in
designing interventions around individuals displaying high
cannabis reinforcement and their responses on readiness to
change. Collectively, the current findings are supportive of
a modified MPT in a behavioral economic approach to can-
nabis misuse. As an important future direction, it would be
important to examine these relationships over time.
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